A decrease in uterine cervical cancer (CC) 
Introduction
Uterine cervical cancer is one of the types of cancer with the highest incidence in women, since more than 471 thousand new cases are diagnosed per year worldwide 1 . However, a reduction has been observed in cervical cancer incidence and mortality in developed countries in the last 50 years due to systematic screening programs for the population at risk 2 .
The uterine cervical cancer mortality rate in Canada, for example, was 11/100 thousand women in 1951 and declined to 2.39/100 thousand by 1995 3, 4 . In the United States the incidence of cervical cancer was 32.6/100 thousand women in the late 1940s and dropped to 7.9/100 thousand in 1989-1991, while the mortality rates also decreased, especially during the 1960s and 70s, with a mean reduction in both incidence and mortality rates of some 4.0% per year until the 1980s 5 . However, the situation has been different in developing countries, principally in Latin America, the Caribbean, and Asia, with an annual increase in both incidence and mortality rates. In such countries, cervical cancer is one of the most frequent types of cancer and accounts for more than 24 .0% of all female cancers and for 6 deaths per 100 thousand women 6, 7 .
In Brazil, uterine cervical cancer is fifth among all malignant neoplasms, with more than 16 thousand new cases per year, occupying sec-Cad. Saúde Pública, Rio de Janeiro, 21(1):299-309, jan-fev, 2005 ond place among cancers in females. The highest incidence rates are in the North and Northeast regions 8 . In Rio Grande do Sul (in the South), uterine cervical cancer also shows high mortality rates, occupying fifth place 9 .
Uterine cervical cancer thus poses a major public health problem, especially in developing regions and even where there are programs for prevention and early detection. Thus far the failure of screening programs has been considered one of the most important factors for high cervical cancer rates. In the United States it has been estimated that an interruption of such programs would lead to an increase of 200.0 to 300.0% in the risk of women developing this cancer over the course of their lives 10 .
Uterine cervical cancer can thus be seen as a common cause of female morbidity and mortality in Rio Grande do Sul State and Brazil as a whole, although it is one of the most curable cancers, since its initial stage is long and it is highly detectable, appearing to suggest that a large number of women lack access to detection methods or ignore the problem's importance. The current study aims to determine the uterine cervical cancer mortality trend among women in Rio Grande do Sul from 1979 to 1998 and relate it to the existence of official screening programs in the State, besides comparing these rates other States in Brazil and other countries, as well as evaluating the potential years of life lost (PYLL) by women as a consequence of early death from this disease.
Method
The study adopted a temporal series design, the target outcome of which was death from uterine cervical cancer, recorded as the basic cause of death on the death certificate. Data on mortality from uterine cervical cancer in Rio Grande do Sul were obtained from a database in the Mortality Information System of the Ministry of Health, available on CD-ROM or Internet (TabWin and TabNet programs, distributed by DATASUS under the MoH itself ) 11 . The MIS includes available data on cause of death for the years 1979 through 1998, the period corresponding to this study. Coefficients for the years 1999, 2000, and 2001 were estimates obtained from the National Cancer Institute (INCA), demonstrating a possible negative trend in the number of deaths from this cause.
The collected data were grouped according to the seven meso-regions in the State of Rio Grande do Sul (Northeast, Central-West, Southwest, Southeast, Central-East, Greater Metropolitan Porto Alegre, and Northeast), defined according to the forms of organization of their territories based on their social process, natural background, and communications and community networks 12 .
Data were collected on age interval (WHO classification 13 ); schooling (classified as: none, primary, secondary, university, unknown); marital status (single, married, widow, legally separated, other, unknown); place of occurrence of death (hospital, public byways, home, other, unknown); and characteristics of the meso-regions, such as available hospital beds, gross domestic product, and rural population.
Causes of death were coded according to the International Classification of Diseases (ICD), 9th revision 14 , chapter 2, which defines uterine cervical cancer in four sub-classes, namely: 180.0, endocervix; 180.1, exocervix; 180.8, other specified sites of cervix; 180.9, cervix uteri, unspecified; 179.0, malignant neoplasm of uterus, unspecified. This classification was used for the years de 1979 to 1995, and from 1996 on the classification corresponding to these diagnoses in ICD-10 was used 15 .
The gross and age-standardized coefficients for Rio Grande do Sul State are described in relation to the Brazilian female population from the 2000 census. The age-standardized rates were calculated by the direct method 16 . Coefficients for the meso-regions of Rio Grande do Sul State were standardized by age in relation to the population of Rio Grande do Sul from the 2000 census. For comparison of mortality from uterine cervical cancer in Rio Grande do Sul with other States of Brazil, we used the standard world population for the year 2000, and for comparison with other countries we used the world female population for 1995 (http://www.census.gov/ipc/www/idbagg.htm, accessed in Jan/2002).
Coefficients were calculated using the census populations, and for non-census years an interpolation was performed based on the census years.
Uterine cervical cancer mortality coefficients were analyzed by simple linear regression, considering that the data followed a distribution similar to the Gaussian curve, and for comparison purposes we used the curve from the third-order self-regressive integrated mobile means 16, 17 .
Studies by Fonseca et al. 18 and Koifman et al. 19 provided the comparison criterion for deaths from uterine cervical cancer and unspecified malignant neoplasm of uterus, by signaling opposite trends over the course of the study period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) . Thus, the same crite-rion was followed in the analysis of the mortality coefficients in the current study, both for the State of Rio Grande do Sul and for the mesoregions and other States evaluated.
The means for potential years of life lost (PYLL) and potentially productive years of life lost (PPYLL) for the study population were analyzed for the 15-74-year age bracket for each year in the period studied 20 . PYLL was calculated using age 75 years as the life expectancy for the female population in Rio Grande do Sul according to the 2000 census. PPYLL was calculated using 60 years, which is the reference age for women's retirement in Brazil.
Data were processed using Microsoft Excel ® , version 9.0, and the graphs and statistical analysis used Origin ® , version 5.0.
Results
Rio Grande do Sul presented a total of 4,829 deaths from uterine cervical cancer from 1979 to 1998, and the mean annual death rate during the period was 7.58/100 thousand women.
Women who died of uterine cervical cancer were characterized as residing mainly in the Greater Metropolitan Porto Alegre meso-region (49.5%), with 17.5% in the Northeast region and 33.1% distributed around the other mesoregions of the State. Level of schooling included 12.4% of illiterates and 39.1% with primary education, while 2.6% had secondary or university education; in 45.9% of the cases the information on schooling was "unknown". Fortyfive per cent of the deaths were in married women, and 49.4% were single, widows, or separated. Some 82.6% of the deaths occurred in hospital and 15.8% at home.
In the analysis of gross and standardized mortality from uterine cervical cancer in the State from 1979 (5.3/100 thousand) to 1998 (9.6/100 thousand), there was a relative increase of 81.0% in the gross coefficient and an even greater increase in the standardized coefficient, from 3.2 to 9.5 deaths per 100 thousand women, respectively, that is, 196.0%. The upward trend in this mortality persisted even after the fluctuation in these rates was smoothed using the mobile means method, obtaining an annual increase of 0.17 in the coefficient, demonstrated in Figure 1 . It is important to observe that the trend in the mobile means from unspecified malignant neoplasm of uterus was similar to that observed for uterine cervical cancer until the year 1983, when it became negative, with a negative annual increment in the angular coefficient (-0,12). Based on data searches in the State Health and Environmental Department on screening programs in Rio Grande do Sul from 1979 to 1998, during the first decade there were no data recorded in such a way as can be retrieved. During the second decade of this series and up to 1999, there was a statewide screening program based on Pap smears requested spontaneously by women. Beginning in the year 2000, the uterine cervical cancer screening program in the State of Rio Grande do Sul was integrated into the National Uterine Cervical Cancer Screening Program known as Viva Mulher (http: //www.saude.gov.br/programas/mulher/ginec ol.htm). These periods are identified in the graph in Figure 1 .
In the series studied, there was a wide variation in the potential years of life lost, from 18.7 to 24.1 years per woman who died of uterine cervical cancer from 1979 to1998, with a mean for the entire period of 21.9 (±1.33) years. The mean PPYLL for this period was 9.8 (±0.96) years, ranging from 7.2 to 11.2. The highest mean PYLL and PPYLL occurred in 1985 and the lowest in 1979 (Figure 2 ).
In the analysis of age-standardized mortality coefficients for unspecified malignant neoplasm of uterus, in terms of PYLL and PPYLL, the distribution during the period was similar to that found for uterine cervical cancer, and the same was true for the means (respectively, 21.5±1.29 years and 10±0.93 years).
As for meso-regions in the State, the highest mean annual coefficient occurred in Greater Metropolitan Porto Alegre, with 9.72 deaths/100 thousand women, followed by the Southwest (9.14 deaths/100 thousand women). The Southeast and Northwest meso-regions of the State had means of 7.18 and 6.87 deaths/100 thousand women, respectively, and the Central-West and Central-East showed means of 5.18 and 4.66 deaths/100 thousand women, respectively. The lowest mean annual coefficient occurred in the Northeast meso-region, with 3.85 deaths/ 100 thousand women.
Comparing the mean annual coefficient for Rio Grande do Sul State (7.58/100 thousand women) with the meso-regions, we observed that Greater Metropolitan Porto Alegre and the Southwest showed higher mean annual coefficients than the State as a whole.
The tendency found in the distribution of mobile means for standardized mortality coefficients in all the meso-regions suggests a possible relationship between the increase in the mortality rates from uterine cervical cancer and the reduction in the rates from unspecified malignant neoplasm of uterus (Figure 3) . At the beginning of the period, the uterine cervical cancer rates were lower than for unspecified malignant neoplasm of uterus, with the exception of Greater Metropolitan Porto Alegre, while at the end of the period all the meso-regions had uterine cervical cancer mortality coefficients that were higher than for unspecified malignant neoplasm of uterus, with one exception as well, namely the Central-East meso-region. Figure 4 shows the distribution of the mobile means for mortality coefficients from uterine cervical cancer and unspecified malignant neoplasm of uterus in some States of Brazil. There was a wide variation in these rates among States during the study period.
In the States of Amazonas and Minas Gerais, we observed an inverse trend in the mortality rates from uterine cervical cancer and unspecified malignant neoplasm of uterus at the beginning of the study period. In Rio Grande do Sul State, this initial period was characterized by an increase in the coefficients for both these ICDs, with unspecified malignant neoplasm of uterus presenting the highest coefficients.
The State of Amazonas presented the highest mortality coefficients for the study period as a whole, but the highest coefficient was in 1985 (21.5/100 thousand women) in the Federal District of Brazil.
The States of Bahia and São Paulo and the Federal District showed a drop in the mortality coefficients from uterine cervical cancer. However, the mortality coefficients from unspecified malignant neoplasm of uterus in Bahia remained stable, in São Paulo they decreased, and in the Federal District they increased.
The largest increase in uterine cervical cancer during the study period was observed in the State of Rio Grande do Sul and the smallest was in the Federal District. Meanwhile, for unspecified malignant neoplasm of uterus, the largest decline was in the State of Amazonas (b = -0.17) and the smallest was in the State of Bahia (b = -0.0017).
The standardized mortality ratio (SMR) for the population of Rio Grande do Sul in 1995 was 131.0% (95%CI: 115.4-146.6) as compared to the population of Brazil as a whole, the population covered by a cervical cancer screening program similar to that of Rio Grande do Sul. When compared to the population of Norway (a country with an effective mortality control program for this disease), the SMR for the population of Rio Grande do Sul was 234.0% (95%CI: 206.2-261.8). In other words, the deaths observed in the population of Rio Grande do Sul were well above the level expected if effective cervical cancer control programs existed, similar to those in Norway.
The uterine cervical cancer mortality rates in the State of Rio Grande do Sul have remained high, characterizing it as a disease of developing countries, represented in Figure 5 by Costa Rica, Mexico, Argentina, Brazil, and Cuba (data from 1995). Note that the mortality coefficient for Rio Grande do Sul in 1995 was only surpassed by Costa Rica and Mexico.
Discussion
We analyzed data for 4,829 deaths from uterine cervical cancer from the years 1979 to 1998 in the State of Rio Grande do Sul. According to the data in this study, the increase in the number of women who die from this cause has persisted over the years in the State.
The distribution of deaths by age interval in Rio Grande do Sul shows a higher frequency in the 35-to-54-year age interval (44.0%). This coincides with the trend observed in developed countries, attributing this increased frequency to improved diagnostic precision and changes in women's lifestyles, exposing them to various risk factors 2, 7, 21 .
Deaths in the 15-to-24-year age interval in this study should be interpreted with caution, although an increase in deaths from uterine cervical cancer has been observed in younger women. Earlier initiation of sexual activity (exposing women prematurely to infectious agents like the human papillomavirus or HPV, implicated in the development of uterine cervical cancer) has been associated with this phenomenon. Despite possible data errors, such as incorrectly recorded age, we believe that these findings do not alter the upward mortality trend found in the study over the length of the period in Rio Grande do Sul, considering that the frequency for this age interval was quite low (0.68%).
Factors that increase the population's susceptibility to risk factors for uterine cervical cancer include precarious living conditions, directly associated with low socioeconomic status. Lack of access to health services not only impedes poor women from being diagnosed, but also hinders their opportunity to receive adequate treatment in time to achieve cure.
The uterine cervical cancer mortality trend in Rio Grande do Sul at the beginning of the period partially reflects this reality, since an increase in mortality was observed, even though flaws in diagnosis of cause of death may have occurred during this period. Considering that PYLL and PPYLL means Years the designation for unspecified malignant neoplasm of uterus can encompass cervical neoplasms, which at the time of diagnosis may already have reached an advanced stage, it is logical to suppose that diagnoses recorded on death certificates during this period may have been incorrectly classified.
Still, there appears to have been an improvement in diagnosis of uterine cervical cancer and more correct filling-out of death certificates over the course of the study period, since the mortality coefficients from this disease increased even while those from unspecified malignant neoplasm of uterus decreased. Never- (continues) theless, even hypothesizing that 100.0% of the decrease in deaths with a diagnosis of unspecified malignant neoplasm of uterus results from improved classification of the diagnosis of uterine cervical cancer and that this contributed to increased mortality from this cancer, we still observe an increase in this mortality, independently of classification error, suggesting a real positive linear trend. The estimates for the period after 1998 point to a change in the trend with uterine cervical cancer mortality coefficients. However, data obtained from INCA pertain to estimates based on the Mortality Information System, calculated from the mean rate from the last five years with known information, with the possibility of modifying a final analysis of the mortality coefficients trend.
Another possible reason for the continuing increase in the mortality coefficients in the State may relate to the lack of organized, systematic screening programs for uterine cervical cancer. Information from the State Health Department (verbal communication) corroborates this hypothesis.
Ministry of Health data showing Rio Grande do Sul State with a colposcopy coverage rate of 9.67% for women in 1996 come from programs that appear to confirm the increase in the number of deaths from this cause (http://www. saude.gov.br/programas/mulher/ginecol.htm, accessed on 20/Aug/2001). Even though low coverage may have occurred for Pap smears in Rio Grande do Sul, it is important to consider problems related to the quality of cytological exams. Uterine cervical adenocarcinoma is viewed as entailing pre-malignant lesions that are difficult to detect by this method and colposcopy, whose diagnoses present very low specificity (15.0%), as an example of this type of problem 7, 22, 23 .
The data from meso-regions suggest that the Northeast of Rio Grande do Sul presented the lowest annual uterine cervical cancer mortality coefficient during the study period. Meanwhile Greater Metropolitan Porto Alegre and the Southwest meso-region showed the highest mean annual coefficients. These regions are characterized as having combined urban-industrialized and rural populations. A study on overall cancer mortality suggests lower rates in non-industrialized areas 24 . In addition, a major portion of the lower-income population is concentrated on the outskirts of large cities, with the highest rates of sexually transmitted diseases, thus characterizing greater multiplicity of sexual partners and also more limited access to health services, which is certainly a facilitating factor for HPV transmission and subsequent progression of the disease.
However, it was difficult to establish a relationship between the characteristics of each meso-region and the uterine cervical cancer mortality rate, due to the lack of specific data that could be related to uterine cervical cancer as well as quality problems with the existing data. A possible explanation for this trend in the meso-regions could be the greater difficulty in access to health care services in rural areas and smaller towns, far from the State capitals (where most of the resources are concentrated). Still, we should highlight that the same increase observed in the coefficients for Rio Grande do Sul as a whole was also detected in the majority of the meso-regions, suggesting that factors related to this increase in mortality were not specific to the meso-regions, but rather to possible inadequacy of screening throughout the State.
Death during an individual's reproductive age causes social and economic harm to the entire community. Work absenteeism leads to major financial losses for the patient, family, and health system. This study shows an average of nearly 22 potential years of life lost due to uterine cervical cancer and ten potentially produc- tive years of life lost due to this disease, based on the mean life expectancy used for women in the State, or 75 years, and the reference retirement age of 60 years for women. However, it is important to highlight that at the beginning of the study period, the mean life expectancy was less than 75 years, so in this case the means were slightly lower during this period. The means observed in the evaluation of PYLL and PPYLL from unspecified malignant neoplasm of uterus were similar to those for uterine cervical cancer. This is best shown by the distribution per age interval of mortality coefficients from uterine cervical cancer and unspecified malignant neoplasm of uterus in the initial years of the study, when the mean was higher for the coefficients of unspecified malignant neoplasm of uterus as compared to uterine cervical cancer. Deaths from uterine cervical cancer were more frequent in the 45-54-year age interval, while deaths from unspecified malignant neoplasm of uterus were more frequent in the 65-74-year interval. These findings corroborate the hypothesis that cervical neoplasm might have been diagnosed as unspecified malignant neoplasm of uterus because the cases were diagnosed during more advanced stages of the disease.
Solving the problem of lack of basic health services and generating improved opportunity for access by low-income women would allow women to remain active in the workforce and prevent their families from losing them as caregivers and household providers 25 . It is important to emphasize that in addition to the ten years of potentially productive life lost, there is also the time "wasted" with (or lost to) the disease, an experience that tends to be highly unproductive and entails great suffering over the years.
We also observed that Rio Grande do Sul was the only one of the more socially and economically developed States of Brazil which (like the less developed State of Amazonas) shows an upward trend in the mortality rates for both uterine cervical cancer and unspecified malignant neoplasm of uterus. However, the partial coverage of the Mortality Information System and the underreporting of deaths, especially in the North and Northeast of the country, may explain a selection bias in the analysis of these data and could partially explain these findings, although not necessarily modifying the upward trend in Rio Grande do Sul during the study period. Surprisingly, the other States that were analyzed present a downward trend in uterine cervical cancer mortality rates, which as suggested by Fonseca et al. 18 may be related both to improved clinical diagnosis and better filling-out of death certificates and increased Pap smear coverage among the female population.
It is noteworthy that the differences between Rio Grande do Sul and other States of Brazil also occur between countries. The data comparing standardized coefficients from Rio Grande do Sul with several countries corroborate the data from the latter, for example Argentina, Mexico, Costa Rica, and Cuba, which also show high mortality coefficients from uterine cervical cancer. However, China shows low mortality, which has been related to a reduction in the incidence of this neoplasm 21 .
The countries with an important drop in mortality from uterine cervical cancer have in common the implementation of systematic cytological screening programs, with periodic follow-up, thus leading to an impact involving reduction in both incidence and mortality, which probably does not occur in the abovementioned countries. A finding in this study that demonstrates this difference between countries with and without systematic programs is the information on SMR, which was 234.0% for Rio Grande do Sul as compared to Norway, a country with one of the lowest mortality coefficients from this neoplasm.
Low schooling is an important potential risk factor to be evaluated in susceptibility to uterine cervical cancer, but it was not possible to properly analyze this variable in our study, 
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The two authors worked equally on the drafting and implementation of the project and data analysis, as well as disseminating the data through this article. Since 1997 the State of Rio Grande do Sul has been included in Viva Mulher, which was launched in some areas of Brazil in 1997. However, successful screening requires competence in cytological examination, knowledge of program quality and evaluation, and adequate handling and follow-up of diagnosed lesions. The existence of systematic educational and screening programs for all women after sexual initiation could modify the current situation. Gaps in basic education in the population, lack of knowledge, and persistent fears and taboos surrounding cancer mean that such programs are not demanded by the community, thus highlighting the importance of even greater awareness-raising by governments for citizens' health education and information.
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